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ABSTRACT 


This thesis describes the design and construction of a 
jicrocomputer based controller for an ultrasonic acoustic 
maging system. The INTEL 8748 single chip microcomputer 
ias utilized and the associated hardware and software for 
he system are described in detail. Carefully designed 
nd tested operating instructions are provided along with 
in explanation for each instruction. The system is fully 
locumented, thus allowing future personnel to change or 
ıpdate the system as required to take full advantage of 


he flexibility of a microcomputer based design. 
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E NTRODUCTI TON 


Pee BASIC DESCRIPTION OF THE ACOUSTIC IMAGING APPARATUS 
Figure 1 shows diagramatically the basic acoustic imaging 
apparatus to which this thesis project was added. The 
mathematical details of image reconstruction are not covered 
here, but the basic physical process is as follows: 
1) A 1.0 MHz plane acoustic wave is generated by the 
transmitting transducer. 
2) The receiving transducer is moved horizontally and 
vertically in a raster scan. 
3) The magnitude and phase of the received wave are 
sampled periodically such that the result is a 
64 by 64 array of samples, each consisting of an 
8 bit magnitude and 8 bit phase. 
4) The 16 bits for each sample are provided at two 
14 pin dual-in-line-package (DIP) sockets on the 
sample-hold and analog-to-digital-conversion (ADC) 


۶×۰0 ۶۳۶7601767. 


ERRO STATEMENT OF THE PROBLEM 

The problem to be solved by this thesis project was to 
design and construct a digital data acquisition system 
controller which would accept the 64 by 64 array of samples 
EEN record it in a format which could be read into a 


memocely located PDP-ll for processing. 
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ጠመመ DE TATLED REQUIREMENTS FOR THE DATA ACQUISITION SYSTEM 


As a minimum the controller must be able to meet the 


following requirements: 


i) 


2) 


3) 


2) 


28 


Provide real time copy on a printer in decimal 
numbers for testing, calibration and comparison 
purposes. 

Provide for manual sampling for testing and 
alignment of the imaging system. 

The controller must provide the necessary control 
Signals to set up the imaging and data acquisition 
systems, and to start and control them with a 
minimum of operator action. 

The controller must provide test programs for 
hardware testing. 

The system will be fully documented both in hard- 
ware and software, such that future personnel will 
be able to easily operate and update the system as 


necessary. 
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II. DATA ACQUISITION SYSTEM DESIGN 


OVERALL SYSTEM DESCRIPTION 

Figure 2 is a block diagram of the system. The electro- 
mechanical system and the electronics up the ADC's of figure 
l were previously constructed [Ref. 1], but required con- 
siderable testing and alignment before satisfactory opera- 
tion was achieved. The system controller and control key- 
board were custom designed and built around the INTEL 8748 
microcomputer. The digital recorder and reader were pur- 
chased with options available which could be modified for 
interface with the rest of the system. The line printer, 
teletype, terminal and PDP-ll were available and used with- 


ሺ ከጊቢ ኤው modifications. 


۳۳ PERIPRHERAL DEVICES 

1. Model 33 Teletyve 

A model 33 teletype (TTY) was included as a peripheral 

because it was readily available and can readily make 
paper tapes which can be easily annotated as they are made 
and which are very transportable from one computer system to 
another [Ref. 2]. The model 33 accepts ASCII characters 
۳۳۲ rate of up to 100 WPM. Figure 3 shows that each char- 
Er consists of a start, 8 bits and two stop bauds, for 
ENotal of 11 bauds per character. This results ina baud 


rate of 110 bauds/sec: 
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keyed 20 mA current loop. Figure 4 is the schematic for the 
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HIT to 20 mA current loop adapter. The Motorola /5462P 
is a high voltage peripheral driver [Ref. 3] capable of 
supplying 300 mA to the load. The value of 560 Ohms was 
experimentally determined to ensure that the "marking" 
current would be 20 mA. Worthy of note is the fact that 
the 12 VDC power supply must be ungrounded with respect 
to the 5 VDC supply which is the same as that used for the 
BER Circuitry. 

2. Model 40 Line Printer 

The model 40 line printer was included such that 
a real time copy of the data could be provided as it is 
being recorded. Since it has an "RS-232 like" interface, 
the hardware and software utilized to drive the printer 
is readily usable to drive other RS-232 devices such as a 
cathode ray tube (CRT) terminal. 

DbcNoruter as currently configured for the micro- 
computer laboratory, requires ASCII characters transmitted 
at 2400 baud/sec. with "no parity", which is defined as 
the parity bit always being a logical "1". Figure 5 shows 
a typical ASCII character being transmitted to the printer. 
Also included in the figure are the other signals [see Ref. 
4) required by or provided by the printer. The controller 
must sense when the "Request Next Character" (RNC) line is 
low and cannot transmit another character until it goes 
۱ RNC will stay low for significant periods of time 


during a “line feed" or "form feed" by the printer. 
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B ۳۷ھ‎ ٤ Cassette Recorder 


The cassette recorder was purchased with options 
available such that it can record 16 bits at a time [Ref. 
5]. It uses a dual-track complementary non-return to zero 
(CNRZ) method for high noise immunity and self-clocking on 
playback. This high capacity method uses both tracks of 
the tape simultaneously and records in only one direction. 
Using separate "1" and "0" tracks and very small gaps, one 
Bessette can hold up to 2.2 million bits of data. 

ከር ታያዚታዯፕ ታ ከ ۱ lS driven by a four-winding step- 
ping motor. The stepping motor drivers are clocked by CMOS 
block logic. The tape is moved only while data is actually 
being recorded or during the generation of a word or file 
gap. 

The word length, which is jumper selectable, is set 
at 16 bits. The file length, which is also jumper selectable, 
1s set at 64 words. The bit and word counters are auto- 
matically reset by a "power on reset" at the time power is 
first applied. They are also reset whenever a "load forward" 
of the tape is performed by the operator. 

The 16 bits to be recorded must be CMOS voltage 
levels, and since the ADCs provide TTL levels, an interface 
board was designed and constructed. As shown in figure 6 
the interface board also changes the start pulse provided 
by the controller to CMOS level. 

The start pulse is a one millisecond negative true 


Ee. Since the ADCs are triggered by the falling edge of 
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۱۳۳ revolution counter (Fig. 7), the controller must pro- 
vide the start pulse only after the analog to digital con- 
version is complete. The start pulse is provided by the 
controller out of bit 2 of the latched port 6. The software 
to produce the pulse will be described later. 
4. Digital Cassette Reader 

The cassette tape reader (LPR-16) was purchased 
from the same manufacturer in order to be compatible with 
the CNRZ recording format [Ref. 6]. It was purchased with 
Options for RS-232 serial interface and 20 mA current loop 
serial interface. The following options were user selected 
by jumpers: 2400 baud/sec., no parity, word length of 16 
Bits, and file length of 64 words. This results in a read- 
back format on the model 40 printer or CRT terminal as 
shown in figure 8. 

Figure 9 shows the LPR-16 serial interface pinout. 
When switch SW-100 is open the reader will output one file 
each time the start button is depressed. When SW-100 is 
closed the reader will output files until the "end of tape” 


(EOT) signal is received. 


۳ SYSTEM CONTROLLER DESIGN 

Because the controller must be able to perform such 
rather complex functions as binary-to-BCD conversion and 
interface with the tape recorder and line printer, it was 
decided that the controller should be a microcomputer based 


mn. This further allows many timing and control problems 
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to be solved in software, thus minimizing hardware problems. 
Because of the availability of the microcomputer chip and 
a suitable development tool (the INTEL PROMPT-48) it was 
decided to use the INTEL 8748 single chip microcomputer as 
the heart of the controller. With that decision made, the 
design proceeded as shown in figure 10 [Ref. 7]. 
۱ Basic Description of the INTEL 8748 

۳ ۰۱۳ 11 5 3 Dl@ckeciagram of the 8748 micro- 
computer [Ref. 8]. The single 40 pin DIP package contains 
۲۳۲۲ ۶ 8 bit central processing unit (CPU), b) a 1 kilobyte 
erasable programmable read only memory (EPROM), c) a 64 
Mera read/write memory (RAM), d) 27 input/output (I/O) lines, 
END S bit timer/event counter, f) oscillator and clock 
Beever circuits, g) a reset circuit, and h) a single level 
۱۳۰ ۲۱2۵ circuit. 

inesmierzoeempurersrequires only a single 5 volt 
power supply, which reduces hardware requirements. There 
are two banks of directly addressable working registers 
either of which can be selected for added flexibility during 
subroutine executions. The remainder of the 64 words of 
RAM are indirectly addressable using the lower two registers 
of either working register bank as a pointer. 

The CPU can perform the following functions: a) Add 
RR Or without carry, b) AND, OR, or EXOR, c) Increment 
Or Decrement, d) Bit complement, e) rotate right or left 
with or without carry, f) SWAP nibbles of the accumulator, 


and g) BCD decimal adjust. 
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The machine cycle time is 2.5 microseconds and all 
instructions are either one or two cycles. The instruction 
set 1S included in Appendix A. Some of the significant fea- 
tures of the instruction set are: 


a) All jump instructions are relative to a page 


boundary. 
b) There is no direct compare instruction. 
C) There is no auto increment instruction so 


multiple precision arithmetic is clumsy. 
d) Very efficient use can be made of the working 
registers as loop counters by use of the DJNZ 
Rr instruction which decrements the register, 
test for zero, and executes a conditional jump 
if the result is not zero. 
There are three program memory locations of special signifi- 
cance: 
a) A reset causes the program counter (PC) to 
imp location 000. 
b) An external interrupt causes the PC to jump to 
location 003. 
c) A timer or counter interrupt causes å program 
31706۲09۰۱66367 ۰ 
The 8748 has 27 I/O lines which are grouped into 
3 ports of 8 bits each which can serve as either inputs, 
Outputs or bidirectional ports. There are also two "test" 


inputs which can alter program sequences when tested by 
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ር ጨር 10121 jump instructions. All I/O ports are TTL 

compatible, in that they can drive one standard TTL load. 
Ports 1 and 2 are called quasibidirectional because 

Of their special output circuit structure which allows each 

line to serve as both an input and an output port. Only the 

outputs are latched. As shown in figure 12, each line is 

continuously pulled up to +5 volts through a resistive device 

of relatively high impedance. This pullup is sufficent to 

provide the source current for a TTL high level yet can 

still be pulled low by a standard TTL gate, thus allowing 

the same pin to be used as both an input and an output. Since 

the pulldown transistor is a low impedance device, a "1" 

must first be written to any line which is to be used as 

an input. This structure allows input and output on the 

Same pin and also allows a mix of input and output lines on 


the same port. 
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The BUS is a bidirectional port which is used in 
this application as a statically latched output port and 
a non-latching input port. It can also drive one standard 
TTL load. "The MCS-48 family satisfied the usual INTEL 
strategy of being the first in the marketplace with an 
imperfect but useful Eoque 


2. Design of Stand Alone Microcomputer and Printed 
erreure Board 


۳۵۲ ۰۵ in 2130122 137, very little additional hard- 


ware is required to form a stand alone 8748 microcomputer. 


6 MHz 27] ኛ | f INPUT | 
NS Des = PORT 1 ANO 
| 11111. 
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r PORT 2 AND 
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Il] یھت‎ 


INPUT 
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| 
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FIGURE 13 
1 ۱ ۱ 
Wakerly, J.F., "The MCS-48 Microcomputer Family: A 


RR cve,” Computer, Vol. 12, Number 2, p. 30, Feb., 1979. 
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however, because of the number and kinds of inputs and 
outputs numerous other peripheral interface circuits were 
required. The stand alone microcomputer system was built 
into a 4" by 5" by 6" aluminum box as shown in figure 14 
with a 50 pin edge connector for insertion of the printed 
Kilt (PC) board holding all of the interface circuits. 
Another identical "extender box" with an identical edge 
BEEuHector was built which contains no microcomputer but has 
a 50 line ribbon cable and connector which connects to the 
PROMPT-48. This allows hardware and software to be debugged 
and tested together in what could be lossely called an emu- 
late mode using the PROMPT-48 in place of the stand alone 
8748 box. Unused pins on each of the 50 pin connectors are 
made available at banana plugs on each box for making con- 
nections to the PC board. Wiring data for the connectors 


and boxes are provided in Appendix B. 





FIGURE 14 
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The controller PC board was designed with an eye 
toward minimum hardware and maximum flexibility in control 
functions through the ability to readily change the program 
in the EPROM of the 8748. 

Heuser Ses 0515021531 view Of the controller PC 
Beara. Tt contains an input and output bus. The input bus 
êd by one 4 bit and two 8 bit input ports consisting of 
74125 tri-state buffers (see Ref. 9) as shown in figure 16. 
Only one input port may be enabled at a time under software 
Esuctrol. A m is selected by outputting its address to the 
lower 4 bits of microcomputer port 2. The 74154 decode [Ref. 10] 
then enables the designated port (Fig. 17). The timing for 
an input operation iS very Simple. First, the address of 
the port to be read is output to the address decoder which 
selects the port. Then the data on the port is read into the 
aceumulator of the microcomputer by executing an INS A,BUS 
ist ruction. 

The output bus 1s buffered so that it can drive two 
TS latched output ports (figure 18) and two 4 bit latched 
7 segment LED decoder/drivers (figure 19). The timing re- 
quired for an output operation is somewhat more complex, 
Since the data 1S not latched into either type of output 
port until the rising edge of an active low pulse on the 
Ben enable (LE) line [Ref. 10]. To output data to one of 
ENS output ports, first output the data to the output bus 
by sending its address to the address decoder. This takes 


ከ low. To latch the data into the port LE is taken high 
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by selecting another port, usually port zero, which is 
non-existant. 

Each input and output port has its own unambiguous 
address. Some of the possible addresses decoded by the 
74154 decoder are unused, such as address zero. 

The line printer that must be driven by the controller 
has an "RS-232 like" interface [Ref. 11]. Therefore, four 
RS-232 line drivers and receivers were provided on micro- 
computer port 1 (figure 20). The addition of the line 
drivers added the additional requirement for a plus and 
minus 12 volt power supply [Ref. 3]. 

The keyboard and encoder circuitry were built ona 
separate PC board and connected to the controller board by 
a 10 wire cable (figure 21). The keyboard is a 4 row by 4 
column configuration with three additional user defined 
Switches which are connected to the interrupt line (INT), 
the reset line (RST) and the est 1 (Tl) lines. When a key 
is depressed the encoder provides the 4 bit hexidecimal code 
and a low level on the test 0 (TO) line to signify to the 
Microcomputer that data is available from the keyboard. To 
prevent the RST, INT and Tl inputs from floating it was 
found that pullup resistors were required on the controller 
ee board. 

The artwork for the printed circuit board was done 
on a 2-to-one scale and then photographically reduced for 


making the board (Appendix E). 
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OT GOC سل‎ DEVELOPMENT 


E DEVELOPMENT TOOLS 

The software development was a "low level" process, in 
that all programming was done in machine language on the 
Prompt-48. Because of the number of different input and 
output routines required, it was necessary to develop a 
method whereby the Prompt-48 could be used in an emulate 
mode. This was accomplished by the design of a 50 pin edge 
connector adapter (Appendix B). The PC board containing 
all of the controller electronics, except the "stand alone" 
8748 chip, is installed into the adapter [Ref. 12]. This 
configuration allows hardware testing and software develop- 
ment to be conducted at real time speed. This emulation 
capability was essential for development of the serial 
data output routines. 

For a detailed description of the Prompt-48 see refer- 
ence 12. The important capabilities provided by the Prompt- 
48 are as follows: 

1) An eight-character display is used to display 

register and computer status. 

2) A l K Byte read/write memory is used in place of 

the 1 K Byte EPROM of the 8748 chip. 

3) The programming socket can be used to program the 

8748 EPROM or to retrieve a program already in an 


ERROM. 
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4) The buses and ports of the Prompt-48 can be expanded 

wach external cire try. 

5) A quite powerful monitor is installed in a 4 K 

Byte ROM within the Prompt-48. 

Appendix C is a summary of the Prompt-48 monitor com- 
mands. The use of all commands is well documented in 
reference 12 except for the use of "Access Codes". The use 
of Access Codes is an artificiality imposed by hardware con- 
straints while in the Prompt environment. Because of these 
constraints, it is necessary for the user to specify access 
Mies co allow data flow into or out of the Prompt. For 
example, to read data into the Prompt requires the user to 
have selected access code 1 before the attempted read opera- 
tion. To output data from the Prompt requires access code 
0. Consequently, if a program is being debugged which re- 
guires an input and an output operation, the user must set 
breakpoints in the program solely for the purpose of changing 
access codes before program execution can resume. 

The use of breakpoints results in a further complication 
if the program being tested involves a timing loop. In 
eaer forthe Prompt to stop execution at breakpoints, it 
must stop execution after every instruction, jump to the 
monitor, and check to see if a breakpoint has been reached. 
This causes the program to proceed about five times slower. 

mmis difficulty can be overcome by designing test pro- 
grams which are used only for debugging purposes and that 


can be executed in their entirety without an access code 
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change. The program under test is thus executed without 
breakpoints and at full speed. This technique was used 


extensively while debugging the serial data output subroutines. 


SEN OVERALL SYSTEM SOFTWARE STRUCTURE 

Figure 22 shows the general method used during the 
software development [Ref. 7]. Appendix D includes all 
software documentation. It was decided to rely heavily on 
the use of subroutines. The subroutines were developed 
first and stored generally at the higher memory locations. 
Then the individual programs which the operator must be 
able to select were developed. The executive program enables 
the user to select the program he wishes to use. The execu- 
tive program was written so that more programs could be 
added as they were developed. Figure 23 is the flow chart 
for the executive program. It is entered by performing a 
reset. This happens automatically on power-up, or by 
depressing the reset key (RST) on the keybaord. 

A specific program is entered by the following key 

sequence from the Keyboard: 

1) RST: Reset insures that the microcomputer 1s in 

the executive program. 

2) Any one of keys 0 through 4: This causes the 
microcomputer to enter program number 0 through 4 
respectively. 

Since the operation of the programs cannot be understood 


Without first understanding the operation of the subroutines, 
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and since the subroutines were developed first, a detailed 
discussion of the subroutines will be next followed by 
descriptions of the programs. Flow charts were used in 


developing the more difficult programs and subroutines. 


۳ SUBROUTINES 
EE Subroutine DELAY 

One of the first tests performed was to output square 
Bes from the RS-232 port to check its operation. To gen- 
erate the square waves subroutine DELAY was written. DELAY 
is a simple routine consisting of a loop within a loop. The 
length of the delay is determined by the value in each of 
the loop counters, which 1s a parameter that is established 
before the subroutine call. The documentation for this and 
all subroutines clearly shows what parameters are to be passed 
to the subroutine and how they are to be passed. 

۲ subroutine ASCII Output 

Subroutine ASCII Output (ASCO) was the next and proba- 
bly most difficult subroutine to be debugged. It receives 
۶۳۳۲ ۵11 character in its 8 bit form and outputs it serially 
the RS-232 port. Since the RS-232 device, in this case 
the line printer, requires "no parity", the subroutine outputs 
BESO through Y of the ASCII code and a "1" as the parity 
mite Figure 5 shows the timing for a typical ASCII character 
sent to the printer. 

Appendix D fully explains how the subroutine works. 


Not described there is the process used to choose the value 
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to be passed to the loop counters. Approximate numbers 
were chosen based on previous tests for making square waves. 
The loop counts required for proper operation were found 
by trial and error through use of the Prompt-48 in its emu- 
late mode. Subroutine ASCO also contains a trap loop which 
stops further execution if "Request Next Character" (RNC) 
from the printer is low indicating that the printer is not 
ready for the next character. 
3. Subroutine Binary Coded Decimal Output 
Subroutine Binary Coded Decimal Output (BDCO) accepts 
a BCD number in the range of 0 to 255, looks up the ASCII 
equivalent of each digit and calls ASCO for each digit. 
Since each sample consists of a three digit number repre- 
senting magnitude and a three digit number for phase, the 
subroutine also provides a space after each three digits to 
separate the magnitude and phase. 
4. Binary To Binary Coded Decimal Conversion 
Subroutine Binary to Binary Coded Decimal Conversion 
(BCDC) receives an eight bit binary number representing 
either a magnitude or phase and converts it to BCD. It 
also provides the BCD number in the proper registers for 
an immediate call to subroutine BCDO. 
5. Teletype Output Routines 
A very Similar set of subroutines were written to 
output data to the model 33 teletype. Subroutines Teletype 
meet (TIYO) and Baud Output (BAUDO) differ in that the 


Serial output bit rate is greatly reduced, the parity bit 
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is always a "0", and the characters are output froma 
different port. The principles of operation, however, are 
guite similar to those described above. 

The heavy use of subroutines proved very beneficial 
throughout the project development. For example, when a new 
test program was required to test the serial interface with 
the printer, it was relatively easy to write a program 
consisting of just a few instructions and several calls to 
Subroutines. Program number 2 is just such a program which 
was left asa permanent part of the software and was used 


many times to verify proper system operation. 


۲ KEYBOARD SELECTABLE PROGRAMS 

RE che time of this writing there are five testing or 
Operating programs that are Operator selectable from the 
keyboard. These five programs are named PROG 0 through 4 
in the software. A specific program is selected by depressing 
the reset (RST) key followed by the key number of the desired 
program. 

۲ Program 0 

Program 0 1S a test program which enables the opera- 

ES EO test the lower four bits of all latched output ports. 
The upper four bits are all ones in this test. For example, 
Suppose that the operator wishes to test the 115 VAC solid 
eee relay attached to bit 0 of output port 6. To prevent 
turning off the other bits of the port which are driving the 


20 mA current loop and holding the start line of the tape 
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recorder high, the test word sent to the port should have 


ones in all positions except possibly the bit 0 position 


which is under test. 


VAC relay is therefore: 


KEY 


RST 


E Program | 


RESULT 


A proper key sequence to test the 115 


Ensures that the computer is in the 


executive program. 


Selects program 0 for testing the ports. 


XOT‏ 0ھ 
Note the‏ 
ARM ENaC‏ 
All bits‏ 


that the 


orcS ot all] -latched ports.‏ لالد 

FF displayed on the LED display 
the 115 VAC relay is energized. 
remain high except bit 0. Note 


115 VAC relay is deenergized. 


Program 1 is a test program which uses subroutine 


delay to generate square waves out of the RS-232 port. The 


period of the square wave is determined by the 8 bit number 


inserted into the loop counters of subroutine delay. The 


8 bit number is inserted as two hexidecimal numbers by two 


key strokes. For example, the following key sequence will 


generate an approximately 500 Hz square wave: 


KEY 


RST 


RESULT 


Ensures that the computer is in the 


executive program. 


Selects program l. 


SEES Boer four bits of counters to 0. 
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A Sets the lower four bits to a hexidecimal 
A, so that each loop counter 1s set to 
OAH 
OAH. 
The square wave may be observed at the RS-232 output port 
bit 0 or can be made audible by closing switch SW-1 on the 
Beemt Of the controller PC board. Notice, however, that 
while an audible tone is a quick and convenient test to 
verify proper system operation, that the Square wave is 
severely distorted by the presence of the speaker. This 
distortion is enough to prevent proper operation when trans- 
Mitting to an RS-232 device such as the line printer. 
E Program 2 
Program 2 is a test program used to verify proper 
Operation of the software baud rate generation. It also 
verifies the other important aspect of serial data trans- 
mission, that of recognizing the presence or absence of a 
signal on the RNC line from the printer. The RNC signal can 
be disabled to observe the effect caused by its absence by 
Seening switch SW-2 on the front of the controller PC board. 


The key sequence used to conduct this test is: 


KEY RESULT 
RST Enters executive program. 
2 Selects program 2. 


Figure 24 shows the effect of the absence of the RNC signal 
from the printer. Data is being transmitted during times 
when the printer cannot print. But, because the printer 


contains an input buffer register no characters are lost. 
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This may not be the case for another RS-232 device which 
does not contain such a buffer. 
4 wBrogram 3 

Program 3 is a data acquisition program which records 
data from the ADCs onto the cassette tape while simultaneously 
Pmeviding a hard copy on the line printer. The program is 
selected by the key sequence: RST, 3. 

As can be seen in Appendix D, the program loops while 
sampling test point 0 (TO). When a sample is to be taken 
the revolution counter sends a 0 to the Start Conversion line 
of the ADCS. The microcomputer sees a 0 on TO and starts a 
1 millisecond delay. This gives the ADCs time to complete 
the analog to digital conversion and provides additional 
time for the data to stabilize at the inputs to the tape 
recorder. After the 1 millisecond delay the microcomputer 
puts out a 1 millisecond active low pulse from bit 2 of 
output port 6. This pulse starts the record cycle of the 
cassette recorder. Since the recorder requires approximately 
300 milliseconds to complete the recording of the 16 bits 
of data, the speed of the mechanical scanner was adjusted 
to provide a. sampling rate of about 2 Hz. That this sampling 
rate is satisfactory can be easily verified by the status 
LED on the tape recorder interface board (Fig. 6). The 
recorder is ready to achieve another sample when the LED 
ES on. 

If it is desired to obtain only a hard copy of the 


ES such as during alignment or calibration testing, then 
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the mechanical scan speed can be greatly increased within 

the capability of the model 40 printer. Also, the RNC 

Signal must be disabled to prevent the RNC signal from 

interfering with the start conversion pulse to the ADCs. 
mn Program 4 

Program 4 15 the other data acquisition program. It 
ከ መ= Only slightly from program 3. It provides hard copy 
onthe model 33 TTY while making a paper tape and/or cassette 
recording. In this program the serial data is provided at 
Beate of 110 Baud/second out of bit 4 of port 6 which 
drives the 20 mA current loop for the TTY. 

In this case the limiting factor which determines 
the sampling rate is approximately twice the length of time 
it takes to execute a carriage return and line feed. The 
carriage return and line feed are executed on the rising 
edge of the revolution counter output which is applied to 
test point TO. The TTY must complete the carriage return 
and line feed before the next falling edge of the revolution 


counter which initiates the next sample. 
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TV کی‎ ۳ MESTING 


۳ INPUT AND OUTPUT PORT TESTING 
l. Parallel Input Port Testing 
Each parallel input port was tested individually 
to verify that it was being addressed properly and that its 
input and output bits were in the proper order. The test 
data word was provided from a laboratory DIGIDESIGNER. A 
simple program was written in the Prompt-48 and single 
stepped to verify that the port was enabled at the proper 
time and that the execution of the read instruction resulted 
in the transfer of the proper data to the microcomputer 
accumulator. One port failed for no apparent reason. The 
74125 IC chip was replaced and the test was satisfactory. 
2. Latched Output Port Testing 
Each output was tested to the extent possible by 
Ene use of program 0. This proved to be a sufficient 
amount of testing because no output problems were experienced. 
۳ Sent ! በ፡፡!11ሮ0 
The RS-232 serial output port was tested in three 
different ways. First a simple program written in the 
Prompt-48 was single stepped while the voltage at the port 
was monitored to ensure that it cycled between plus and 
Minus 12 volts. Then program 1 was used to generate square 
waves. The Square waves were checked for rise time and 


Overshoot (Fig. 25) and were found to be in accordance with 
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SQUARE WAVES FROM RS-232 PORT WITH 
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reference ll. Figure 26 also shows the attenuation and 


distortion caused by connecting the speaker to the port. 


۳ OVERALL SYSTEM TESTING 

The objectives of the system testing program were: 

(1) to verify that the 16 bits representing a magnitude and 
phase are properly converted to decimal; (2) to verify that 
the paper tape and TTY printout agree with the actual data 
present at the ADC outputs, (3) to verify that the hard copy 
produced on the model 40 line printer agrees with the actual 
data at the ADCs, and finally, (4) to verify that the paper 
tape or cassette tape agrees with the hard copy produced 

at the time the recording was made. 

The output of the ADCS was simulated by the data switches 
on a DIGIDESIGNER so that known binary values could be pro- 
cessed. The sample strobe from the revolution counter was 
Simulated by a pulse generator set at a frequency of 1 Hz. 
Ee sampling at a l Hz rate the following binary numbers 


representing magnitude and phase were provided to the system: 


00000000 00000000 = 000 000 
MONO 0001000 = 01/ 017 
01000100 01000100 = 054 054 
00100010 00100010 = 068 068 
MOO 000010001] = 136 136 
39۳۷۰۰۰۷۰۱۰۰۱۰۱٣ ٣۰٣٠٦٠٣٠٢ = 255 255 


Each binary number was held constant for several 


samples so that a significant amount of data would be 
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generated. The binary numbers were chosen to test each 
bit of each input port and to cover the whole dynamic range 
of the ADCs. 

Figure 26 shows the real time copy of the data 
printed by the TTY compared to the data read back on the 
same TTY and read back on the PDP-11. Figure 27 shows the 
real time copy made by the line printer. Because the 
cassette recorder was returned to the factory for repairs, 
verification of a cassette recording was not obtained. 
This type of test was conducted several times, and after each 


Significant hardware or software change. 


۲ MECHANICAL ALIGNMENT TESTING 

Because of the relatively short wavelength of the acoustic 
wave being sampled it is very important that the samples be 
taken at the proper times so that the columns of samples 
are vertical.and straight. The alignment is mechanically 
E Stable by the position of the left and right limit 
switches of the mechanical scanner. This alignment can then 
be checked by disabling the vertical stepping motor and 
scanning back and forth across any target and noticing the 
agreement in sample values from one scan to the next. This 
alignment test should be conducted periodically and after 


any adjustments to the mechanical scanning mechanism. 


D. OPERATING PROCEDURES 
System operating instructions are provided in Appendix 


F for laboratory use and should enable personnel to operate 
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the equipment without requiring a detailed understanding of 


Mes design and construction. 


39 





V. CONCLUSIONS 


The microcomputer based controller described in this 
thesis met all of the original design objectives, and has 
become a useful addition to the laboratory. Because several 
input and output ports and some of the program memory are 
not used, improvements and changes to the system can be made. 

The flexibility provided by a microcomputer based design 
has already been demonstrated by several software changes 
which resulted in improved system performance and operational 
convenience. Several interface problems which might have 
been solved by hardware changes were more easily solved in 
software. The ability to take manual samples and the pro- 
vision of a real time hard copy of the recorded data were 
invaluable capabilities which were used many times during 
alignment and calibration tests of the overall system. 
Clearly, the controller described here could easily be 
ENGpted to many other control or interface applications. 

The flexibility of the system is only slightly reduced 
by the requirement of performing all software development 
in machine language. It was found that as the author became 
more familiar with the instruction set and the use of the 
Prompt-48 that programs could be written and debugged quite 
expeditiously. The fact that the programs required very 
few mathematical manipulations further added to the ease 


ENNrogramming. Furthermore, for this controller type 
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application where program memory was limited, machine 
language programming clearly was the most cost effective 
choice in terms of the required development system and in 


terms of program memory utilization. 
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ADD A, RO 
只 1 
፳2 
只 了 
R4 
RS 
RG 
A7 

ADO A, 0 
aR 1 

ADO A, Adata 


ADOC A, RQ 
R1 
R2 
R3 
R4 
RS 
R6 
87 

ADOC A, @RO 
an! 

ADOC A, data 


ANL A, RO 
只 1 
R2 
RI 
R4 
RS 
R6 
R7 
ANL A, eno 
ANL A, OR 1 
ANL A, sata 
ANL BUS, data 
۰ P1, data 
22, م‎ 


CALL Oaddr 
1 addr 
2 ۳ 
Jaddr 
4eddr 
Saddr 
Gaddr 
7ecdr 


CLR A 
CLR C 
CLA FO 
CLR F1 
CPL A 
CRU C 
CPL FO 
CPL F1 


DA A 

DEC A 

DEC RO 
R1 
R2 
R3 
R4 


All mnemonics copyright 


03 


51 


98 
99 
9A 


0868006 8 


APPENDIX A 


BY MNEMONIC 


DEC AS 
R6 
只 7 


DIS I 
DIS TENT! 


09۱۷22 ۲ 
Ril addr 
R2.addr 
RI addr 
只 4 addr 
R5,addr 
A6.addr 
只 7 ,addr 


EN I 
EN TCNTI 
ENTO CLK 


INS A, BUS 
IN A, P1 
IN A, P? 


INCA 
INC RO 
INC RY 
INC R2 
INC R3 
INC A4 
INC AS 
INC R6 
INC R7 
INC @RO 
INC 1٦1 


J8O addr 
J81 adar 
482 adore 
JBJ addr 
JB4 addr 
JBS ddr 
JB6 addr 
J87 addr 


JC addr 
JFO addr 
JF 1 addr 


JMP Osaddr 
1 addr 
Zadar 
Jaddr 
4300 
addr 
Baddr 
7adar 


JMPP GA 
JNC addr 
JING addr 
INTO addr 


1976. 1977, 1978 Intel Corporation 


co 
CE 
CF 


15 
35 


008 


05 
25 
75 


08 


DA 


17 
18 
19 

1A 
18 
IC 
10 
VE 
1F 
10 

11 


12 
32 


72 
82 
02. 
F2 


F5 
86 


2 
HOHE ٦88٦18888 61 8 
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JNT1 addr 
JINZ addr 
STF addr 
JTO addr 
JT1 addr 
JZ addr 


MOV A, zdata 
MOV A, PSW 
MOV A, RO 
R1 
R2 
R3 
Q4 
只 5 
只 6 
A? 
MOV A, @RO 
(ጋዳ! 
MOV A, T 


MOV PSW, ል 
MOV RO, 
ጸ1. 
R2. 
R3, 
Ra. 
R5. 
R6, 
7م‎ 


bpppbbpb> 


MOV RO, zdata 
R1. zdata 
F2. acata 
83, ۶03 
Rd, zdata 
AS, data 
R6, 32 
87 +2 


MOV ORO, A 

MOV ©2861 A 

MOV QRO, data 
98.1, =433(3 


MOV ۲ ል 
MOUD A. P4 
25 

P6 

P7 

MOVO P4, 
PS, 

P6. 

P7. 


PDP PD 


MOVP ል ጋል 
MOVPJI ል, ጋል - 
ለሐርንሃ ፳ ል. ወጸ0 
SRI 
MOV xX AROQ ል 
2921 A 


NOP 


16 
36 


ር6 


23 
67 
F9 
FA 
FB 
EC 
FO 
FE 
FF 
FO 
F1 
42 


ሀ7 
ል8 
A9 
AA 
AB 
AC 
AD 
AE 
AF 


88 
89 
Ba 
88 
BC 
BD 
BE 
BF 


AQ 
A1 
80 


52 
OG 
00 
05 
DE 
3ር 
30 
3E 
JF 


ልጋ 
El 
30 
31 
30 
91 


00 


B BBBBBH 


HBBBBBBH 


HH 


ORLA,RO 
只 1 
R2 
RJ 
R4 
AS 
只 6 
87 
OAL BUS, gata 
P1, 263813 
P2, data 
ORLO P4 A 
P5. A 
265 ۵ 
ORLOP7 A 


OUTL BUS, A 
8۱ ۵ 
ዞ2. ል 


只 ET 
RETR 


RLA 
ALC A 
AA a 
ARCA 


5EL MBO 
5EL M81 
SEL A83 
SEL R81 


STOP TCNT 
STAT CNT 
STATT 
SWAP A 


XCHA,RO 
RI 
R2 
R3 
A4 
85 
R6 
A? 


XCH A, ARO 
XCH A, SA I 


XCHD A. 9RO 
DA 1 


xRL A RO 
RI 
R2 
R3 
R4 
AS 
只 6 
R7 

XAL A, ۷ 
BR! 


48 
49 
sa 
s8 
4c 
40 
4E 
4ፉ 
88 
89 
BA 
ac 
30 
BE 
BF 


02 
39 
JA 


E? 
F7 
77 
67 


ES 
BE 
65 
OS 


65 
45 
55 
47 


28 


2A 
28 
2C 
20 


< 


247 


30 
3! 


DB 


DA 
08 
DC 
DO 
DE 
OF 


Ot 





HAY 


CARRY FLAG AFFECTED 


(3-2 





APPENDIX B 


WIRING DATA FOR 8748 BOX 


8748 Pin # NAME Eduwcueonuaector Prin s/Connection 

1 TO 14 
2 XTAL 1 sen Sta caps co qua 
3 XTAL 2 -- crystal & cap. to gnd 
4 RESET 16 

5 ss -- NC 
6 INT 49 

7 EA ze 

8 RD 9 

9 PSEN 15 

10 WR 0 

I ALE 13 

12 DO (BUS) 7 

ÉS Dl 21 

14 D2 25 

15 D3 po 

l6 D4 Sn 

17 DS 27 

18 D6 23 

IR D7 19 

20 Vss GND - 46 

21 9 (PORT 2) 7 

22 P21 5 
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23 
24 
25 
26 
21 
28 
29 
30 
351 
52 
B3 
34 
55 
36 
37 
38 
59 


40 


34 


55 


44 


50 


46 


P22 
EZS 
PROG 
VDD 
PIO 
۶ 
B? 
۳ 
P14 
۳ 
BIG 
El? 
P24 
P25 
226 
Eee 
T1 


VOC 


NC 

oM 3d 
(PORT 1) 18 

20 

22 

24 

26 

28 

30 

22 


(PORT 2) 4 


10 
122 


+5V - 34 


Peters CONNECTIONS TO BOX 


o 


43 NC 


GND 


917 


GND 
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Parts List For 8748 Box 


Item Ory 
6" x 5" x 4" AL Box 1 
Banana Jacks 13 
50 Pin Edge Connector 1 
۰.٦٦12 vp crystal T 
BO pf Cap 2 
2 12434 Cap 1 
4 - 40 x > nardware 6 
ground lugs 2 
40 pin Dip socket 1. 
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WIRING DATA FOR EXTENDER BOX 


8748 Pin Name I/O Ports & Edge Connector pin + 
Bus ፦ 0 7 LSB 
di 2:1. 

2 25 
3 29 
4 Sul 
5 27 
6 23 
7 19 MSB 
Bont 1 - 0 18 LSB 
JE 20 
2 22 
3 24 
4 26 
5 28 
6 30 
7 32 MSB 
meet 2 - 0 7 LSB 
ጊ 5 
2 3 
3 L 
4 4 
5 6 
6 8 
7 10 MSB 
+ALE 3 
FTO 14 
+TL 12 
SINT 49 
-PSEN r5 
ED 9 
-WR 11 
-POWR 55 
-PROG 2 
- 7 16 
GND 5096, 47, 48 
34 - +7 
50 - +5V 
44 - GND 
Unused: 235 9567 70937 938,939,440, 41, 42, 43 
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6۸۱١ Barbee we 


APPENDIX C 


Tabie 5-7. Command List Summary 


[GO]: 

- [NO BREAK] "Go. 

— {WITH BREAK] "Gb 
- (SINGLE STEP] "GS. 
(EXAMINE, MODIFY]: '5 . 
- [PROGRAM MEMORY] "ai. 
- [DATA MEMORY! Ed. 

= [REGISTER] MEF 
Port 2 Map) Bor 
Program PROM — 8741 or 8748) "Pr 
Program PROM — 8755, with adacter) “Pr 
Byte Search): ST 

- [PROGRAM MEMORY] "SP 

- [DATA MEMORY] "Sd 

= [REGISTER] "Sr 

[5] (Word Search): "S2 
— [PROGRAM MEMORY] = 

- [DATA MEMORY] “Sd 

= [REGISTER] “Sr 
(Hexadecimal Anthmetic) ee መጨ. 
(Program PROM — 8748) ` “Pr 
( 
( 


à 4 4 å 


fO ዩን አን IO IO IO ሂካ ሂሕ መ“ -=‹ جم جم جم جم اہ‎ 
እን (ዕ = ር3 65 (8 ር5 -4 6) (፡. ር) ር) 6) ‹ክ -46-4ብ HAG 


ርክ ሑ ዕን ር) ۵۸ 


6 

7 

8] (Compare PROM) 3 SEG. 

9| (Move Memory): EDS 
- [PROGRAM MEMORY] Bub 
— [DATA MEMORY] “nd. 
=~ REGISTER] å 


۱ ۱ 
635 


| 
| 
| 
| 


[ 
[ 
[ 
[ 


28 


A] (Access Mode Select) 
B] (Examine/Modify Breakpoint) 
C] (Clear Memory): 
~ [PROGRAM MEMORY] 
— [DATA MEMORY] 
- [REGISTER] 
[D] (Dump Memory): 
~ [PROGRAM MEMORY] 
- [DATA MEMORY] 
- [REGISTER] 
[E] (Enter into Memory): 
- [PROGRAM MEMORY] 
- [DATA MEMORY] 
- [REGISTER] 
[F] (Fetch PROM) 


تن a‏ 5" نن تن 


Ah YY QA Y 4 YA Ya A Y QA Y Y Y ANA Mm‏ ص ص a 4 Y Y GO Y YY‏ تحص ما 
፥‏ 
-ዛነ ርክ ዕኔ ጐ ርክ‏ 
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000 


014 
015 


034 
035 


069 
06A 


06D 
076 


0C6 


OFO 


OFF 
100 


35 
13.6 


50 
IT 


196 


IbA 
200 
245 
34F 


35A 
B5B 


3A2 
3A6 
EDC 
BES 


5 


APPENDIX D 


MEMORY MAP 


Executive Program 


Prog 0 


Prog 1 


Executive Program 


Prog 3 
Unused 


Executive Program 


Prog 2 


BEDO 


BAUDO 
Unused 
pvo 

Unused 
Prog 4 
Unused 


ADC 


BCDC 
Unused 
ASCO 
Unused 


DELAY 


vy 





APPENDIX D 


REGISTER MANAGEMENT 


ESCO: 7 

Prog 0: No working registers except the Accumulator 
Brey: R4,5,6,/7 

Es I: R4,5,6,7 

ED. Rl,2,3,4,5,0,7 

meme: R3,4,5,0,7 

٣۰٢ 21,2,3,4,5,6,7 

ERRO: R2,3,4,5,6,7 

Executive Program: Uses only the Accumulator 
SSG 2: R2,3,41,5,6,7 

۳۳ Rl,2,3,4,5,6,7 

EDO: R2,3,4,5,6,7 


Bad: R1,2,3,4,5,6,/7 
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ROGRAM EXECUTIVE PROGRAM DATE 23 Feb. 79PAGE 1 OF 2 


DDR | HEX CODE ; LABEL MNEMONIC COMMENT 


00 0409 KST JMP LOP I 

09 260D LOP 1 JUNTO RDDL 

OB 0409 JMP LOP 1 

OD 230A RDD1 MOV A,OA 

OF 3A OUTL P2,A 

10 08 INS A, Bus 

11 00 LOP 2 NOP 

12 21 JNTO LOP2 ¡pressing a key now will 
; select a program 

14 B3 JMPPGA ;jump to the address of 
; che key depressed 

FO 15 PROG 0 

Fl 35 PROG 1 

F2 6A PROG 2 

ES 16 PROG 3 

F4 6C PROG 4 ¡OFS through OFF are unused 
¡and available in the 
¡event more programs are 
‚added 

6A 2400 JMP PROG 2 ;PROG 2 is on page 1 


6C 4400 JMP PROG 4 ¡PROG 4 is on page 2 





ማ ነ 





OGRAM 0 Da Jan 79 PAGE 1 OF ገ 


DR | HEX CODE MNEMONIC COMMENT 


¿this program tests the 
¡lower 4 bits of the outpu 


2 9 
3 PROG 1 NOP 
ጋ JNTO PROG ጊ ¿loop until key is presse 
3 LOP 1 JUNTO RDD1 
A JME LOP 1 
E RODDI MOV A,OA 
: OUTL P2,A ን ‫.٤ port OA 
3 INS A, Bus ;read the depressed key 
) OUTL BUS, A ¡Output the depressed key 
L MOV A, 07 
3 OUTL P2,A 260 6 porca 
MOV A,00 
5 OUTL P2,A ;deselect port 7 
] MOV A, 06 
) OUTL P2,A ;select port 6 
À MOV 00 
E CUTE P2 A ;deselect port 6 
> MOV A,05 
3 OUTL P2,A "select DOFt 5 
) MOV A, 00 
2 2800/۹ ;deselect port 5 


UME FROG I 








OC CRAM SUBROUTINE DELAY 


DATE 25 


DR | HEX CODE | LABEL | MNEMONIC 


ES 


EE 


AC 


FE 


AD 


00 


EDE9 


ECE / 


8 3 


DELAY 


LOP 2 


708 T 


MOV A,R7 

MOV R4,A 
MOV A,R6 

MOV R5,A 

NOP 

ሠው 10.1: 1 
DINZR4,LOP2 


RET 


Ian Or 1 
COMMENT 


; the length of delay 
;is determined by the 
;numbers placed in 

;R6 and R7 before Delay 


;1s called 





ROGRAM NUMBER + 


DATE 


DDR HEX CODE MNEMONIC 


55 


36 
38 
3A 


36 


3E 
SF 


40 


42 
43 
44 
46 
48 
4A 
4C 
4E 
4F 


50 


00 


25.35 


21936 


0438 


CUA 


3A 
08 


103 


47 


2643 


230A 


2646 


264E 


044A 


3A 


08 


>. OF 


b 


2 


PROG 1 


LOP 1l 


RDD 1 


LOE 2 


LOP 4 


LODOS 


NOP 


JNTO PROG 1 
UNTO, RED 1 
IME LOFT 


MOVA , OA 


QUIE P2,A 
INSA, BUS 


ANL A,OF 


SWAP A 
MOV R7,A 
0 2 
MOV A,OA 
INTO, LOP 4 
JNTORDD2 
SME TOES 
600 جر‎ 
INSA, BUS 
ANLA , OF 
ADD A,R7 
MOV R6,A 


MOV R7,A 


73 


E. q سن‎ di md m. 


ظ 
| 


424 BED ACES I OF 2 


COMMENT 


;this test program 
‚generates square waves 


Spor testing. 


enter MS digit of 
; delay 


smark off unwanted 
- ones 


denter LS digit of 7 





OGRAM NUMBER 1 


DR HEX CODE LABEL MNEMONIC 


35 02 
36 2507 
38 3A 
9 2300 
)B 3A 
0 2510 
JE 3A 
dg 74E5 
jl 2300 
3 89 
4 74E5 
6 4635 
8 045C 


LOP 3 


DATE 24 Feb 79 PAGE 2 OF 2 


COMMENT 


OUTL BUS,A 
MOV A,07 
OUTE 2ط‎ A 
MOV A,00 
0000 22,72 
MOV A,10 
OU ከ ከን IA 
CALL DELAY 
MOV A, 00 
OUTE PITA 
CALL DELAY 
1۳۱۱۳۲ 1 BROG | 


IME, CORTS 


TA 





ERAN SUBROUTINE BCDC 


| 
DDR | HEX CODE | LABEL | MNEMONIC 


5A 
5B 
EC 
5D 


SE 


EF 


61 


6B 


6D 


OF 


70 
ከ. 
74 


76 


27 


AE 


EF 


1270 
2 و‎ 
9 2 / بط‎ 
7284 
928A 
8290 
D296 
u2 9C 


8 3 


BBOO 
BCOL 
744F 


6461 


BECO 2 
744F 


6463 


BCDC 


Jl 


J2 


J3 


J4 


J 5. 


J6 


J7 


ADDO 


ADD1 


DATE 12 Mar 79 PAGE 1 OF 2 


CLR A 


MOV R5,A 


MOV R6,A 


MOV %3,A 


MOV A,R7 


JBO, 
JEL, 
352 
ےت‎ 
JB4, 
JES 
7 


JE, 


ADDO 


ADDL 


ADD2 


ADD3 


ADD4 


ADD5 


ADD6 


ADD? 


MOV R3,00 


MOV R4,01 


CALL 


ADC 


IME ٤ 


MOV R4,02 


CALL 


ADC 


IME 2 


73 


COMMENT 


BIN # is in R7 
BCD Number will be in RS: 


;clear BCD registers 


«Test each bit. 


«Add 1 


¿Ada 2 





KOGRAM SUBROUTINE BCDC እ ቢከ ከ. 5 OF 3 


DDR HEX CODE LABEL MNEMONIC COMMENT 


ADD 2 
TE | 8C04 MOV R4,04 | sacas 
80 | 744F CALL ADC 
82 | 6465 IMP 33 

ADD 3 
84. | 8ር05 MOV R4,08 ;Add 08 
86 | 744፻ CALL ADC 
88 | 6467 IMP 4 
8. | ጀር16 ADD 4 MOV R4,16 ;Add 16 
8C | 744F CALL ADC | 
BE | 6469 JMP J5 
90 | BC32 ADD 5 MOV R4,32 ;Add 32 
92 | 744F CALL ADC 
94 | 6465 IMP 6 
96 | BC64 ADD 6 MOV R4,64 ;Add 64 
98 | 744F CALL ADC 
9A | 646D JMP J7 
90 | BBOl ADD 7 | MOV R3,01 
9E | BC28 MOV R4,28 | 
AO | 7442 CALL ADC 


015713-56 2220115 تراط 


3 ረ 53 RET 


Bye Ce 





4OGRAM SUBROUTINE BCDC DATE 12 Mar 79 pacE 3 op 3 


DDR | HEZ CODE | LABEL | MNEMONIC | COMMENT 


4F 97 ADC | CERC | 
50 FE | MOV A,R6 | 
51 TC | ADDC A,R4 : 
52 57 DA A | 
BS | AE ! MOV R6,A | 
54 FD | MOV A,R5 | 
55 7B ADDC A,R3 | 
56 57 DAA 

57 AD MOV R5,A 

58 FF MOV A,R7 | 
59 83 RET 


o= med | 


— 


سے س س س ل سال ند سمت ا 


Ta. 





MOGHAM SUBROUTINE BCDO 


HEX CODE 


E3 
AB 
74A6 
E9 


47 


58017 


ES 


74A6 


F9 


535 017 


E3 


74ል6 
5520 
74A6 
8 3 


3D 


39 


LABEL 


TABL 


DATE 20 Mar 79 


| 
| MNEMONIC 


MOVTRZ Å 
CALL ASCO 
MOV A,Rl 


SWAP A 


ANL A, OF 
MOV P3A,QA 
MOV R3,A 
CALL ASCO 
አሳን 1 
ልእ፲ን ል, ዐ፻ጀ 
MOV P3A,@A 
MOV R3,A 
CALL ASCO 
MOV R3, 20E 
CALL ASCO 


RET 


78 


9 1 
COMMENT 





TRIS converts BCD to 
REST then outputs 
ው VICI BCU + 


56 


‘Put next BCD digit 
«in Lower 4 bits 
¿mask off upper 4 bits 


¿Loop up ASCII in Table 


¿This leaves last digit 


«in lower 4 bits 


: 1825785 space 


BSE 160P up 


:Table. 





hOGRAM SUBROUTINE ACSO 


DATE 10 Mar 79 FAGE ı OF 5 


DDR MNEMONIC COMMENT 
EE | 2300 ASCO MOV A,00 | 
A8 39 OUTL Pl,A ۲۰۲۴۰130 2ط تاه‎ 
A9 BF03 i MOV R7,03 
AB BEOF | MOV R6,0F 
AD 74E5 | CALL DELAY 
AF 8 MOV R2,08 ;Set count for bits = 7 
Bl FB LOPO MOV A,R3 ርቄ ስሚ” INCO A. 
B2 EAB6 DJNZ R2,LOP 4 
B4 641 JMP END 
B6 97 LOP 1 GERNE 
B7 67 RRC A 
B8 AB MOV Ro,A 
B9 986 JNC LOP 2 
BB 2310 MOV A,10 
BD 539 OUT PITA output, 1" 
BE BFO3 MOV R7703 „ser 15025 count for Delay 
EO BEOF MOV R6,0F ‚set Loop count for Delay 
E 2 74E5 CALL DELAY 
C4 64Bl JMP LOP O0 
C6 2300 LOP2 MOV A,00 “Output "O" 
¡ES 39 OUTL P1,A 
C9 BFO3 MOVER7,03 ;set loop 
Sount 
CB BEOF MOV R6,0F ¡for Delay 
CD 74ጄ5 CALL DELAY 
FF 6481 JMP LOPO 
ET | 23013 END MOV A,10 ‚output stop bit 





4OGRAM SUBROUTINE ASCO 


DDR 


D3 
D4 
06 
D8 


DA 


DC 


HEX CODE 


39 


BEOD 


Broc 
| 74ES 


| 46D8 


53 


LABEL 


HOPS 


MNEMONIC 


OUTL P1,A 
MOV RI, OC 
MONO 0D 
CALL DELAY 


JNT1 LOP3 


COMMENT 


¿set loop count 


¡tor Delay 


Hoop if not ready for 


«next character. 





٠م‎ PROG 2 (TEST ASCO) 


‚DDR HEX CODE | LABEL 


100 


102 


ጪ ነ ሠ 


1.1.0 


113 


ITE 


128 
12A 
2320 
NOE 
130 
15 2 


134 


BB54 
74A6 
BB45 
74A6 
BES 3 
74A6 
BB54 
74A6 
BB20 
74A6 
BB50 
74A6 
DES 2 
74A6 
BB4F 
74A6 
BB4 7 
74A6 
BB 2 3 
74A6 
BB33 
74A6 
BBOA 
74A6 
BBOD 
74A6 


2400 


PROG2 


ee ee ee at 


nn e o mo e cado u GE 24 mia ça ےہ‎ 


DUE Mes 79 piper I op 1 


MNEMONIC 


MOV R3,54 
CALL ASCO 
MOV R3,45 
CALL ASCO 
MOV RS, 52 
CALL ASCO 
MOV R3,54 
CALL ASCO 
MON R3,20 
CALL ASCO 
MOV ) 0 
CALL ASCO 
MOV R3752 
CALL ASCO 
MOV R3,4F 
CALL ASCO 
MOV R3,47 
CALL ASCO 
MOV RI; 23 
CALL ASCO 
MOV R3,33 
CALL ASCO 
MOV R3,0A 
ATL ASCO 
MOV R3,OD 


CALL ASCO 


JMP PROG 2 


OT 


一 AN 


«mm 一 一- 一 
ی ا سے ی س ےیک یی و ر‎ ço ran O e A rra rt تسس جح‎ 


人 
۰ 


OD 


0 


3 


or 


COMMENT 





mMOGHAM PROG 3 REV 3 


DDR HEX CODE LABEL 


PROG4 


26 


p? 


00 
2576 


505 


02 
2306 
3A 
2300 
3A 
B803 
00 


5684 


BFOA 
BEOA 
255 


2501 


02 
2306 
3A 
2300 
3A 
BFOA 
BEOA 
74E5 


2305 


nn me ክፎ 


| 


LOP 2 


COPR 1 


e‏ بجی mI‏ وی a aanta‏ یہ 


DATE l7 API] 79 PACE 1 op 2 


MNEMON IC 


NOP 
JUNTO, PROG3 


MOV A,05 


OUTL BUS,A 
MOV A,06 
OUTL P2,A 
MOV ልን ዐዐ 
سان تا‎ 2 
MOV RO, OSE 
NOP 


7 ۳ 


MOV R7,0A 
MOV R6,0A 
CALL DELAY 


MOV A,Ol 


OUTL BUS,A 
MOV A,06 

OUTL P2,A 
MOV A,00 

加 本 P2,A 
MOV R7,0A 
MOV R6,0A 
CALL DELAY 


MOV A,05 


| 
| 


ee‏ بده 


人 


میک مسد س مسوم he‏ ست کے ld‏ ہے 
an‏ مکی تمھ یمو شت 6 ۹ے ہہ ۔ موی ھی سو می می مو و یت هو መ‏ ہت ው‏ 


COMMENT 


۰۰17 on 115- VAC 


;& set start high 


;8 samples per line 


;waits for sample strobe 


Line tO GO lov. 


۰ٰ 51 


uec Start 1s low: 


. latches above at P6 


MASIA ASS Start. On 





KOGRAM PROG 3 REV 3 MRE l7 eer 72 Paige 2 op 2 


DDR HEX CODE LABEL MNEMONIC | COMMENT 
9E 02 | OUTL BUS A | 
9F 2306 | MOV A,06 | 
Al 3A | GUT. pou | 
A2 2300 | MOV A,00 | 
A4 3A | Meum pa ;Ends starts pulse 
A5 2308 | | MOV A,08 E port 8 
A7 3A | oUTL ۳2 A | 
A8 | 08 INSA, BUS | ;Read port 8 
A9 | AF MOV R7,A | 
AA | 745A | CANL BCDC 
AC | 3436 CAE BDO ¡print magnitude 
AE | BB20 MOV R3,20 
BO | 74A6 | CALUL ASCO | 
52 2309 | MOV A,09 | Select port 9 
B4 | هد‎ OUTL P2,A | 
ES ° 08 | INSA BUS Tead 6025 5 
B6 AF | MOV R7,A 
B7 745A | | CARL. BCDC | 
59 3436 | | CALL BCDO | ¡Print phase 
BB E884 | DJNZ Ro,LOP1 
BD BBOA MOV R3,0A 
BF 74A6 201 ASCO | 
ei | BBOD MOV R3,0D | 
e3 74A6 GALL ASCO 
C5 | 0482 JMP LOP2 | 

| 

| | 





ROGRAM PROG 4 


DDR 
200 


01 


HEX CODE 
00 


2600 
2505 


02 


3490 
443C 
B808 
00 

560C 
BFOA 
BEOA 
74E5 


2319 


02 

3490 
BFOA 
BEOA 
74E5 
91D 
02 

3490 


22:08 


ا ا یناہ ا ا کے سے سو می ن ت و میں چو م ی ود دد ۔ چ ھت ی ی می س ا س ا ر ی ا ر ںا ی ہوم ن مو رم ی وی بھی ت نے ر رن مر و ب و م سیم ہنم م ممه ا ورای م ووا مت می نوو 一 一‏ 


LABEL 
PROG4 


LOP 2 


06 1 


nn ست جو یم یی س ی ن‎ .ዖ. A A A و‎ n S -a 


te ee eS eet gi! rir eme a nn ጩመመ<ድ--- 


Pate 2 May 72 PAGE 1 OF 2 


MNEMONIC 


NOP 


JNTO, PROG 4 


MOV A,05 


OUTL BUS,A 


CATE SEL 6 
JMP LOP 3 
MOV R0,08 
NOP 
| 
MOV R7,0A 
MOV R6,0A 
CALL DELAY 


MON AS LO 


OUTL BUS,A 
CALL SEL 6 
MOV R7,0A 
MOV R6,0A 
CALL DELAY 
MOV A,1D 
OUTL BUS,A 
CALL SEL6 
MOV A,08 
OUTE P2,A 
INS A BUS 


MOV R7,A 


n --——— —À— ———— ''/—A———————ÁoÁÁÁÀ———————— a ۸ EE وس‎ 


€ می 


COMMENT 


٠٢ 7 51۳۰ 05۷۸۰ 5 


sets start high 


;8 samples per line 


IS VAC StL! con 


but start lov: 


IIS VAC ORE start high 


„select port 8 


; Read port 8 





XOGRAM PROG 4 DATE 2 May 79 PAGE 2 OF ኃ 
DDR | HEX CODE | LABEL | MNEMONIC | COMMENT 


i CALL BCDC 


— dt 2 nettet nn موسيم‎ 





| 
2A 745A | 
ZC 34A0 | CALE TTYO ;Print Magnitude 
ZE PENG | MOV A,09 ¡select port 9 
BO 3A OUTL P2,A | 
31 08 INS A BUS ;Read port 9 
E 2 AF MOV R7,A 
ES 745A CATE BEDE 
25 34A0 ከከ ከ ከ 1) ን Phase 
37 00 LOP4 NOP 
38 4637 JNT1, LOP4 | 
3A ES OC DINA RO, LOPLI | 
EC BBOD LOP 3 MOVI R3, 0D 
EE 3451 CALL BAUDO po return 
40 BBOA MOV R3, OA 
42 3451 CALL BAUDO | 


Line feed 


44 440A JMP LOP2 


一 
سے‎ re ہے‎ M —— o o ME dn = یی جک یی م ہہ ا عو‎ ee سک ہے ہے کی ا ص سأ ل‎ nn کا‎ 


OIR 





PROGRAM SUBROUTINE TTYO 


ADDR 


1A0 


LAB 


LBA 


HEX CODE 


FE 
A9 
ED 


ES 


AB 
3451 
F9 
47 
5 ۳ 


E3 


3451 
89 
53ØF 


ES 


3451 
BB20 
3451 


3 


LABEL 


28 


DATE 


MNEMONIC 


MOV A,R6 
MOV RL,A 
MOV A,R5 


MOV P3 A,@A 


MOV R3,A 
CALL BAUDO 
MOV A,RL 
SWAP A 

ANL A,ØF 
MOV P3A, GA 
MOV R3,A 
CALL BAUDO 
MOV A,Rl 
ANL A,@F 
MOV P3 A,@A 
MOV R3,A 
CALL BAUDO 
۱۶ 523 0 
CALL BAUDO 


RET 


86 


2 MAY 79 PAGE 1 OF 1 


COMMENT 


SEE WI MN BCD$ in 
SR 8) 


;look up ASCII equivalent 


7۶17 GT E 


JSeuwtpusMmost sig. digit. 


-Output middle digit 


ሺር 1 ከ ٣ 


¡leave 1 space 





'ROGRAM SUBROUTINE BAUDO 


DDR 
288 
53 
154 
1136 
58 
LSA 
ESC 
DE 
EF 
۱ 
ت6ت‎ 
164 
۱6 د‎ 
166 
168 
16A 
16B 
6D 
16F 
71 
73 
75 
77 
78 
17A 


NIC 


HER CODE 


2301 
02 

3499 
R22 
BE22 
74E5 
53.29 
FB 

EA6 3 
2482 
97 


67 


E675 
2519 
02 

3490 
BF23 
BE23 
74E5 
245E 
2501 
02 

3498 
BE23 


2153 


LABEL 


BAUDO 


LOPØ 


LOP 1 


28 


DATE 1l MAY 79 PAGE 1 OF 2 


MNEMONIC COMMENT 
MOV A,fl 
OUTL BUS A 
CALL SEL6 ፣ ERNE 95532256721 
MOV R6,22 
MOV >22 
CALL DELAY 
MOV R2,Ø9 ۲تح‎ ٣ت‎ 10.6۰ eS 
MOV A,R3 DUE ۷ 3 ٤ف‎ 
DJNZ R2,LOPl 
JMP END 

CER C 

RRC A 

MOV R3,A 

JNC LOP2 

MOV A,19 Sae “Ap E 
CULL BUS A 
CALL SEL6 
MOV RT 22 
MONROE, 22 
CALL DELAY 
JMP LOPØ 
MOV A,ØL 
OUTL BUS A Send oue a "QI 
CALL SEL6 

۱ 


MOV R7,22 


87 





ROGRAM SUBROUTINE BAUDO 


DDR 


1 
180 
182 


184 


3 
190 
92 
93 
95 


196 


Hx CODE 


74E5 
245E 
2319 
02 
3490 
BE45 
BF45 
74E5 
83 
2306 
3A 
2388 
3A 


83 


LABEL 


END 


SEL6 


DATE I MAY 79 PAGE 2 OF 2 


MNEMONIC COMMENT 


CALL DELAY 
JMP LOPØ 


MOV a,19 out 415 
OUTL BUS A 

CALL SEL6 

MOV R6,45 

MOV R7,45 

CALL DELAY 

RET 

MOV A,f6 

OUTL P2,A 

MOV 5,7 


OUTL P2,A 


RET 


88 





APPENDIX E 


ሆት” 4 På > Der io 
کي‎ E E ረ ED ۰ 2: pg 
¥ 
A 
w^ 
LJ 


TE TAES PTE 
y J t 
Fe è kaj j T oR لوف‎ 





“te. O AN سس سوک ہے ری کے ید ہر و یہ وی ےدک ورک‎ Ia te 2 ምረ fer 
ہی ون‎ a بی‎ መራው LARA NEE ው መሪ > debe UE X AT PEE Er er té 2 رن دوه‎ Sh 


PRINTED CIRCUIT BOARD LAYOUT 


89 








A 
5 
JA 


ya 
KAN 





۰1 


۰ ۶ 





| 
۱ 


1⁄2 SCALE 





BOARD LAYOUT‏ 11590010 انرس ]فقس 


90 





APPENDIX E 
porco o RSDURESUSINOG THE CASSETTE RECORDER AND 
MODEL 40 LINE PRINTER 
l. Connect the data cables from the controller to the 
ADCs, cable number 8 to the magnitude ADC and number 9 
to the phase ADC. Ground the black banana plug of each 
cable and connect the red sample strobe plug of cable 8 
to the sample strobe input of the ADC box. 
2。 Turn the speaker and RNC switches on the front of 
the controller OFF. 
3. Connect the model 40 line printer by cable CA-40. 
4. Turn the power ON. 
۳۲۳ Press: RST, O, E. 
6. Move the mechanical scanner to the starting position. 
Ensure that the sampling speed will not exceed 2 Hz. 
Stop the scanner. 
7. Place an erased tape into the cassette reocrder. 
8. Move the Load Forward switch on the side of the 
Recorder to the fully up position long enough to ensure 
Mat the tape is Off the leader and that both sprockets 
of the tape transport are properly engaged and the tape 
Er moving, 
92 Move the Load Forward switch to the fully down posi- 
۳ Verity that the Status light on the recorder is 


ON. 


91 





10. Press: RST, 3. At this point samples will be 
recorded and printed each time the sample strobe line 
goes low. Depressing Test 1 (Tl) on the keyboard will 
initiate a manual sample. 

ll. Start the mechanical scanner. Verify that the 
printer begins printing and that the recorder status 
met s flashing at 1 Hz. 

12. The above procedure is applicable even if either 
the line printer or cassette recorder is not being used, 


۳۱۳۱ aS during calibration or alignment testing. 


RECORDING PROCEDURE USING THE MODEL 33 TELETYPE 

1. Connect the data cables from the controller to the 
ADCs, cable number 8 to the magnitude ADC and number 9 
to the phase ADC. Ground the black banana plug of 
meme castle and Connect the red sample strobe plug of 
cable 8 to the sample strobe input of the ADC box. 

2. Turn the speaker and RNC switches on the front of 
puc controller OFF. 

Connect the 20 mA current loop adapter to port 6 and 
the TTY to the current loop in accordance with the 
micotLuctLOns On the current loop box. Place the TTY 
in local operation. 

4. Turn the power ON. 

Bee Press: RST, O, F. 

6. Move the mechanical scanner to the starting position. 
Ensure that the sampling rate will not exceed 1 Hz. 


Stop the scanner. 


952 





J. PIeSS: RST, 4. 

Te din local operation punch any information or 
required header onto the tape. Always end the header 
with at least one carriage return and line feed. Place 
ene TTY in A operation. 

9. Start the scanner. Verify that the scanning motor 


۷ئ۰٠۰‎ 7۲76 ን ስር that Ene TIY is printing and punching 


Paper tape. 


33 





L0. 


LI. 


L2. 


DISE OF REFERENCES 


ND oe TCE, Analog to Digital Conversion and 
Hardware Improvement For A Computer Aided Acoustic 
mas na System, MSEE Thesis, US Naval Postgraduate 
SenooL, Monterey, Calit., 1978. 


Teletype Corporation, Technical Manual, KSR-33, 
Bulletin 310B, 1972. 


۴۰۰۰۰٦٣ Semiconductor Products, Inc., Semiconductor 
Para bieratry/linear, VOl. 6, p. 3-16, 1976. 


Teletype Corporation, Technical Manual, Model 40 Line 
Enter Specification 509945, 1977. 


Datel Systems, Inc., Doc. No. MWZADH 1705, Instruction 
Manual Incremental Digital Cassette Recorder Systems 
Model ICT-WZ Series, 1977. 


Pur sSvstems, Inc., Doc. No. LTYBMH2802, Model LPR- 
16-2 or 3 TTY/RS-232-6 Cassette Reader User's Instruction 
Manual, 1978. 


Peatman, J.B., Microcomputer-Based Design, p. 16-18, 
McGraw-Hill, 1977. 


INTEL Corporation, MCS-48 Microcomputer User's Manual, 
mV. 


Res ona! Semiconductor Corp., TTL Databook, 1976. 
۱۳۱۱۲ Corporation, Component Data Catalog, 1978. 
Electronic Industries Association Standard RS-232-C, 
Interface Between Data Terminal Equipment and Data 
Communication Equipment Employing Serial Binary Data 


Mrcerchnange, p. 4-7, 1969. 


INTEL Corporation, Prompt-48 Microcomputer User's Manual, 
19783. 


OA 





IE TT DISGIRIBUTION LIST 


Betense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 62 
Department of Electrical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


Assoc. Professor R. Panholzer, Code 52Pz 
Department of Electrical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


Er 7 ር. Professor M.L. Cotton, Code 52Cc 
Department of Electrical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


Assoc. Professor J.P. Powers, Code 02 Po 
Department of Electrical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


Lieutenant Rodney A. Colton, USN 
2461 E. Harmon Ave. 
Las Vegas, Nevada 39121 


Be. Newell Booth, Code 6513 
Naval Ocean Systems Center 
Fam Diego, California 92152 


Mr. Normal Caplan 


Automation, Bioengineering and Sensing System 


Program 
Engineering Division 
National Science Foundation 
1800 G. Street 
۰۰۱٣7496-7 .طط رر‎ 20550 


95 


No. 


Copies 





10. 


bee Gy Button 

Central Institute for Industrial Research 
Forskning sveien 1 

Oslo 3, Norway 


95 








۱ 





UT 
md 
Co 
لد‎ 


ፖነ 
ፌሬ 





Thesis 
C646 Colton | 5 5 5 3 8 
62 A microcomputer-based 


digital data acquisition 
controller for a computer 
aided acoustic imaging 
system. 





E ድ LEE Kt 14 7 | | er-based digital data acqui 
HERE St ا‎ iy TEE PA AA | | 
ንታ Wy Pot rir 5 4 ۱ ۱ | | | 
de TE AH 7 i 2 : i .ዖ Tt | | 
EK dei 3 2768 001 01953 2 

መም ^ Øy ۳ - BH 7 





E و‎ EN MOD __ DUDLEY KNOX LIBRARY 


ا 
ርም‏ 
ser‏ 4 
ri e 273‏ 
a. T$ £v 2‏ 
PDT f‏ 4 
AE TATI 4 ^‏ 
YT Pa ም T ራ y ም‏ 
ያይ -‏ 
E A LA] A pé‏ - 
ML TNLE. 4‏ 
EPE STA td‏ 
ار ET,‏ ۴ "4 
۳ اس Pas we 7 Tr fi‏ 
“ያደ T 4 J‏ 
VIE? / £^ 5‏ 
L2 ry 7 IE!‏ 
ہے ets‏ 
EBEN , 4‏ 
ሟ DA‏ 4 
和‏ 
PATH À å‏ 
ት t d I -‏ 
pr LJ "31. 5 p‏ 
4 4 ۳ 
P‏ یھ Ty le ራያ ያ‏ 
E ቅዋ "yy‏ 
da or g d‏ 
Ld‏ 
ይ“ ው. ደፊ 5‏ 
ar? > i Y uL‏ 
NTT å ERE) 2‏ 
as ۳ P‏ 
ድሃ 7 pg‏ ۱ »2 2 
a L መ ሥሪ‏ 7 
Te ۳ F på‏ 
FE‏ 4 وت 
DP yt à på 1‏ 
ate 4፳ራ/ b‏ 
e‏ چ1 
BF ECS oe‏ 
a‏ 
B f‏ "5^ 
3 7 
d‏ - 
ቃ ፦ 2 = ም ኖ‏ 
a‏ 1 - 
Í 5 4 a te‏ 
SA ያመ -‏ ہے 
AS‏ 2 
m 2‏ 
E å‏ 
p‏ 
1 پا ang‏ - 
ሓሙ“ ጋ = 2‏ 
LÀ‏ و 3 
» © سے ہے 
E Ha‏ - 
P 5 -‏ 
p 3 EJ‏ " - 
ሐ e‏ 
e -‏ 
መሠ‏ 
o Ju A 2‏ 
P. SP f v a x‏ 
e 7‏ " 
på‏ : 7 
er ሥ‏ 
ድ" 2 P 2 =<‏ 
መ ጋ‏ 
- . 
سض و Pe‏ 
- 
10 
- 
۳ 
> 
td‏ 
۳ 
፦‏ 


